Introduction
Parabiosis is an experimental medical model that reflects well the interaction of blood and body fluids between two conjoined animals. The aim is to achieve mutualism and observe the effects in the conjoined bodies, ranging from alterations in blood to immunological effects. Mice are usually used in parabiosis models and this method has been applied for more than 150 years. There has been relevant parabiosis model research carried out in America, Britain Switzerland and Japan, but only a little in China. The article entitled "Rejuvenation of aged progenitor cells by exposure to a young systemic environment" by Thomas A. Rando and co-workers was published by Nature in 2005 [1] . They established parabiotic pairings (that is, a shared circulatory system) between young and old mice (heterochronic parabioses), thus exposing old mice to factors present in young serum. In 2011, Tony Wyss-Coray found that the aging systemic milieu negatively regulates neurogenesis and cognitive function [2] . In 2013, Loffredo F.S. reported in Cell that growth differentiation factor-11 was a circulating factor that reversed age-related cardiac hypertrophy [3] , which immediately attracted extensive attention. Subsequently, more related articles that supported this standpoint appeared in Nature and Science. For example, Nature published articles which evaluated the peritoneal parabiosis model in 2016 [4] .
A cancer is composed of malignant cells that have escaped from the body's immune surveillance. The theory of tumour immune editing, by R.D. Schreiber, argues that the immune system not only has the ability to eliminate tumour cells, but also promotes tumour growth [5] . The occurrence and development of cancer cells in the body is a dynamic process of interaction between the immune system and the tumour cells. Hence, whether tumour growth is promoted or suppressed in the parabiosis model is still unclear. Is it true that the parabiosis model can provide new directions for the immunotherapy of cancer, and help to answer the question of whether healthy mice can give immunological support and thus play a role in combating cancer by decreasing the size of a tumour in the other mouse after a successfully established interaction. If this happens, is a result of the influence of both cellular and humoral factors in the healthy mouse on the ill mouse, of the activation of humoral factors from healthy mouse inn the diseased one, or of a vaccination effect, which leads to secretion of a large number of antitumor factors that act against tumour cells? Moreover, how the two parabiosis mice accomplish symbiotic transplantation tolerance and the kind of relationship between the chimaera and the state of the tolerance still need to be resolved.
Our study focused on the further application of the parabiosis model in oncology and the search for factors on cells and in body fluid that can kill and inhibit tumour cells. We researched the these aspects as follows: firstly, we established a parabiosis model; secondly, based on this model, we tested the spleen T cells using flow cytometry, interactions of the two T cells in mice, and the effect of killing tumours; thirdly, we analysing the state of tumour destruction in parabiosis mice by means of morphological comparisons using immunohistochemical technology. -C57BL/6 transgenic mice (GFP+), 6~8 weeks, weight 18~21g, purchased from the Chinese Academy of Medical Sciences Experimental Animal Centre, SPF class.
Materials and methods

Materials
Experimental animals
The experimental groups were:
1. Parabiosis group -inbred line C57, BL/6, wild type (GFP−), tumourbearing conjoined with -inbred line 57 BL/6 transgenic mice (GFP+), without tumour.
4. Negative control group -inbred line C57, BL/6 wildtype (GFP−), without tumour.
5. Positive control group -inbred strain C57, BL/6 wildtype (GFP-), tumour-bearing.
Empirical methods
Parabiosis operation [3]
C57BL/6 GFP-mice were treated with melanoma B16 tumour cells (1 × 10 6 /100μl). When the tumour diameter was 5 mm, we started the parabiosis operation. Ten tumourbearing mice paired with GFP+ mice were included in the parabiosis experiment ( fig. 1 ).
Ultraviolet light was used to disinfect the operating table and high temperatures to sterilise the surgical instruments. Anaesthesia was induced by injecting 2% pentobarbital sodium at a dose of 40 mg/kg. Hair removal and weighing were then carried out while the mice were kept warm. The parabiosis pairs were matched by their weight. The incision was from 4-5 mm distal to the elbow, along the humerus and axilla, to the waistline. The 5-0 lines were sutured continuously, matching the skin and subcutaneous tissue of the animals. The suture was then coved with erythromycin ointment. Because of the mobility of mice, the wounds were prone to tear. As a result, the two mice were fixed together with gauze bound tape ( fig. 2 ).
The parabiosis mice were fed normally, with painkillers in their drinking water to alleviate postoperative pain. Postoperatively, the wound, tumour size, water and food intake and activity were observed and recorded daily. Blood was collected from the eyes of tumour-bearing mice day 3, and GFP+ fluorescence was tested by means of flow cytometry to determine whether the conjoining operation was successful.
Flow cytometry [6]
After the conjoining operation, 7 of the 10 pairs survived. In order to observe the volume of the tumours, one conjoined pair was killed on days 2, 4, 6, 8, 10, 12 and 14. One pair of mice from positive control group and the negative control group were killed on the same day.
Mice were sacrificed by breaking the neck broken and then immersed in 75% ethanol. The spleen was extracted from the mice in super clean operating area, and T cells from the spleen were extracted by grinding, centrifugation and addition of phorbol-12-myristate-13-acetate. The presence of CD4+ T cells and CD8+ T cells, and expression of interleukins (ILs) 2, 4 and 10 and interferon-gamma (IFN-γ) in spleen cells was detected.
Immunohistochemistry of tumour tissue [7, 8]
Tumour tissue from the conjoined group and the positive control group mice that were killed on days 8 and 14 was isolated, fixed with 4% paraformaldehyde and stained immunohistochemically. Changes in expression of CD3, CD4, CD8, CD31, IFN-γ and vascular endothelial growth factor (VEGF) were observed and recorded. Microscopic examination and image collection showed that haematoxylin stained the nuclei blue and 3,3′-diaminobenzidine (DAB) staining was brownish yellow (haematoxylin-eosin magnification ×100). IPP 6 image analysis software was used to determine the optical density (OD) of the positive samples of each group, and then the average value was taken as the OD value of the sample.
Analysis
The experimental data were expressed as mean ± standard deviation (x ± s). SSPS16.0 software was used for statistical processing of all the data. The paired t-test was used in between-and within-group comparisons. With an α-value set at 0.05, a p-value<0.05 was considered to indicate a statistical difference.
Results
Conjoining operations were performed in 10 pairs, with no intraoperative deaths. Conjoined mice all recovered within 20-60 min; however, there was a suture tear happened in one case, and three pairs died at 12 hours, day 2 (the next day) and day 4, respectively, after the conjoined operation. The deaths were all considered to be related to graft-versus-host disease (GVHD). The rest survived. After waking up, the mice showed agitation, excitement, the behaviour of trying to break free from the fixed gauze, and an increasing frequency of standing and circling than before being conjoined. They started to eat in about 10 hours and defecate in about 20 hours after the conjoining operation. Their eating was poor on days 1 and 2, and became better from day 3. The quantity of each meal including eating and drinking returned to preoperative level on day 5.
Changes in tumour volume after the parabiosis operation
Tumour volumes in the tumour-bearing parabiosis mice on days 2, 4, 6 and 12 were significantly lower than those in the positive control group (106.1±25.3 vs 132.1± 23.2, 157.9 ± 40.3 vs 210.8 ± 34.4, 228.8 ± 72.4 vs 279.5 ± 62.6, 550.1 ± 201.9 vs 731.9 ± 162.2, respectively; p <0.05) mm 3 . There was no significant difference in tumour volume between the two groups (p >0.05) on days 8, 10 or 14 (table 1 and fig. 3 ).
Parabiosis blood interaction
The wounds were swollen and needed iodine and alcohol for disinfection on day 1. On day 2, the redness of the wound was less than before and the skin became slightly hardened.
On day 3, orbital blood was taken and GFP fluorescence was examined with flow cytometry. Four pairs of the seven showed fluorescence (fig. 4) . One of these died on day 4. Thus, the modelling rate was 85.7%.
Whereas GFP+ cells appeared in CD4+/IL-4+ tumourbearing mice and then gradually increased, CD4+/IL-4+/GFP-peaked on day 4 and then gradually decreased. We considered that CD4+/IL-4+ in GFP+ conjoined mice had stimulated the expression of CD4+/IL-4+ in tumour-bearing mice after the blood interaction, as there was a statistically significant difference between the ex- 
Flow cytometry results
Postoperative expression of CD8 in GFP+ mice was significantly lower than before the operation (p <0.05). One of the most significant increases, in CD8+/IFN-γ+ doublepositivity, peaked on day 8 and accounted for 31.3% of cells. Total CD8+ in conjoined tumour-bearing mice decreased significantly (p <0.05), but the proportion of CD8+/IFN-γ+ double-positive cells and CD8+/IFN-γ+/GFP− cells was not statistically different from the positive control group (p >0.05) (fig. 5 ). The expression of CD4/IL-2/GFP in GFP+ mice was stable. GFP+ cells ap- peared in tumour-bearing CD4+/IL-2+ mice on day 4 and gradually increased. The expression of CD4/IL-2 in GFP− mice was significantly higher than that in GFP+ mice (p <0.05) (fig. 6 ). The expression of CD4/ IFN-γ/ GFP in GFP+ mice was stable. After conjoining surgery, GFP+ cells appeared in tumour-bearing mice that were CD4+/IFN-γ+ on day 4 and gradually increased. Tumour cells that were CD4+/IFN-γ+/GFP− peaked on day 8, and, compared with GFP+ mice, there was a significant difference(p <0.05) (fig. 7) . The expression of CD4/ IL-4 in GFP mice and tumour-bearing mice was low.
Immunohistochemistry
Tumours were incompletely encapsulated, and the tumour cells featured nested accumulation with large, deeply staining nuclei showing more mitoses, and with more or less necrotic lesions. There were considered positive if the cytoplasm and nucleus stained brownish yellow. Expression (mean ± SD optical density) of CD3, CD4, CD8 and IFN-γ in the tumour-bearing group was 0.32 ± 0.63, 0.33 ± 0.00, 0.31 ± 0.91 and 0.28 ± 0.14, respectively, and there was a statistically significant difference (p <0.05) between these and the positive control group. The expression of CD31 and VEGF was 0.19 ± 0.50 and 0.19 ± 0.21, respectively, was also no significant difference between the above two groups (p >0.05) (figs 15 and 16, table 2).
Discussion
The mouse parabiosis model A mouse symbiotic model was first used in medical experiments in 1860 by the French physiologist Paul Bert, who used white mice in symbiotic animal models in order to understand the feasibility of future organ transplantation [9] . In the following 100 years of medical research, the creation of the symbiotic animal model basically followed Paul Bert's surgical method, in which the lateral skin of the two mice was longitudinally incised and the incision sutured to form a joint body. Blood mingling could be detected after the capillaries of the two mice had connected [10] . On the basis of his ground-breaking work, Paul Bert won the French Academy of Sciences Experimental Physiology Award in 1866. In 1908, German physicians Sauerbruch and Heyde successfully replicated this animal model [11] . In 2013, Conboy modified Bert's surgical approach by stitching the neighbouring anterior and posterior legs of the two mice to increase their stability [3] . In our experiment, we followed Paul Bert's surgical methods, and B16 melanoma-bearing mice were selected as a joint symbiotic model of experimental animals. This research was approved by the ethics committee (Number/ID of the approval(s):2014129). Anaesthetic drugs were applied before operation and analgesics were used afterwards. The tumour success rate of experimental GFP− C57BL / 6 mice was 85% and the average time for tumours to form was 6.53 ± 1.23 days [12] .
Blood circulation interaction could be detected as early as day 3, after the capillaries of the two mice had connected, which was consistent with the literature [13] . The skin sutures of the conjoined models showed different degrees of hardening, which was considered to be related to varying degrees of GVHD. After waking, the experimental models showed agitation and excitement, and tried to break free from the fixed gauze. Their standing and circling frequency increased significantly compared with before surgery. They started to eat at around 10 hours, and defecated at about 20 hours after surgery. Eating and drinking ability had recovered totally on day 5. The rate of model-forming was 85.7% in our experiment.
T lymphocytes played an important role in tumour immunity [14]
Changes in CD4 [15] CD4+ cells are the most important T cells in the body's immune system. A decrease in the number of CD4+ T lymphocytes represents an impaired immune function. In this experiment, there was a significant difference of the CD4+ level between the conjoined group of conjunct GFP+ mice and in vivo tumour-bearing mice, considering that the associated surgery destroyed the immune system. The percentage CD4+ cells in the group of conjoined GFP+ mice on day 14 was 70.6%, while the percentage of CD4+ in the group of conjoined tumour-bearing mice on day 14 was 56.2%. Compared with the positive control group, there was a statistically significant difference (p <0.05). It was considered that GFP+ mice were involved in the immune responses and immune reconstruction of the tumour-bearing mice.
The studies of Rogers and of others have shown that a local high concentration of IL-2 was conducive to the growth of T cell precursors and T cell formation. It also stimulated natural killer (NK) cell proliferation, enhanced NK cytotoxic activity and cytokine production, induced the production of LAK (lymphokine activated killer) cells, and promoted B cell proliferation and antibody secretion. Elevated IL-2 was associated with graft rejection. Wu Z et al. [6] pointed out that virus-specific CD4+ T cells were the key to the control of latent infection and re-infection. In particular, IL-2 could help NK cells against human cytomegalovirus infection. Meehan et al. [9] used a high dose of IL-2 (1000 U/ml) and AIM-V ™ culture medium to differentiate haematopoietic progenitor cells in the peripheral blood of patients with multiple myeloma. The expanded cells had a strong ability to kill K562 and RPMI8226 cells.
In our experiment, expression of GFP/CD4/IL-2 in the conjoined group of was statistically significantly higher than in the normal negative control group (p <0.05). It was considered that the associated GFP+/CD4+/IL-2+ group influenced the immune response of the tumour-bearing mice. Also, it might relate to transplant rejection after the conjoining surgery.
IL-4 was found by Howard and is produced by T helper-2 (Th2) cells and mononuclear macrophages. It inhibits Th1 cell activation and secretion of cytokines, and promotes B cell proliferation and differentiation, while inducing IgG1 and IgE production, and enhancing the function of macrophages and cytotoxic t lymphocytes (CTLs) [10] . In the mouse experimental system, IL-4 in most cases positively regulated the differentiation of CTLs and LAK cells, and also inhibited the LAK activity of NK cells induced by IL-2. By decreasing the production of proinflammatory cytokines; IL-4 inhibited the expression of major histocompatibility complex (MHC)-II molecules and the like, and forming synergistic antagonism with IL-2 [16] In our experiment, CD4+/IL-4+ in the combined group of GFP+ mice was significantly higher than that of the negative control group (p <0.05), and CD4+/IL-4+ in the combined tumour-bearing mice was significantly higher than in the positive control group (p <0.05). It was considered that the increase of CD4+/IL-4+ in GFP+ mice was related to inhibition of the inflammatory reaction and inhibition of the production of IL-2.
IL-10 belongs to the interferon family of cytokines. It is a Th2-derived protein that suppresses Th1 cell function and has a strong anti-inflammatory effect. It inhibits Th1 cells from synthesising IFN-γ, IL-2 and IL-10, and reduces antigen presentation by down-regulating the expression of MHC-II antigens on the surface of monocytes. IL-10 protects body tissues from excessive pathological changes caused by inflammatory cytokines; on the other hand, IL-10 could suppress immune function and thus reduce the capacity to clear pathogenic microorganisms [17] .
In this experiment, the increase of CD4+/IL-10+ was most obvious in the parabiosis tumour-bearing mice, and was statistically greater than in the positive control group (p <0.05). The CD4+/IL-10+ level in the conjoined GFP+ mice was significantly higher than that in the negative control group (p <0.05). It was considered that conjoining surgery stimulated the secretion of CD4+/IL-10+ to maintain the body's homeostasis.
IFN-γ, discovered by Younger and Salvin, is a major macrophage activating factor that promotes macrophage phagocytosis and inflammation, directly promotes T and B cell differentiation and CTL maturation, and stimulates B cells to secrete antibodies, thereby enhancing the body's immune function. In the appropriate stimulation of TNF and lipopolysaccharide, IFN-γ could be a suitable inducer of NO production, which is of great significance for inhibiting the proliferation and cardiovascular remodelling of tumour tissue. It also help in the diagnosis of early transplant rejection [17, 18] .
In our experiment, the increase of CD4+/IFN-γ+ in the conjoined tumour-bearing mice was most obvious at day 8 postoperatively. However, the CD4+/IFN-γ+ of GFP+ mice in the conjoined group was significantly lower than that of the negative control group (p <0.05). It was considered that the CD4+/IFN-γ+ in GFP+ mice was related to the surgical injury and tumourigenicity in tumour-bearing mice.
Changes in CD8
CTL cells are also known as CD8+ cells. CD8+ T cells recognise endogenous antigenic peptides presented by MHC-I molecules. After activation, CTL cells mainly differentiate into cytotoxic T cells, and generally do not secrete lymphokines. CTL cells play an important role in monitoring body cells, virus-infected cells, tumour cells and foreign allograft tissue cells [19] . In our study, the rate of CD8+ in the tumour-bearing mice in the positive control group was 19.80 ± 4.27%, began to decrease after reaching a peak of 25.8% at day 8 and decreased to 15.7% at day 14, which was the lowest level among the four groups of mice. It was considered to be related to tumour destruction by the immune system in C57 mice. However, there was no significant difference between the CD8+ of the tumourbearing mice and the positive control group (p >0.05).
IFN-γ is an important negative regulator of growth. Its function includes blocking viral replication, inhibiting tumour cell proliferation, regulating the function of the lymphatic system, and enhancing immunity [20] . Stern et al. pointed out that CD4+ and CD8+ T cells can reject new tumours; CD8 + T cells could even reject established tumours. Besides, IFN-γ was involved in the antitumor activity of T cells [21] .
The conjoining surgery had a significant effect on the expression of CD/ IFN-γ. After the operation, CD8+/IFN-γ increased gradually in the conjoined tumour-bearing mice and reached 53.2% at day 14. CD8+ IFN-γ+ of the positive control group at day 14 was 30.3%. It was considered that the increase of CD8+/IFN-γ+ in conjoined tumour-bearing mice was related to the participation of CD8+ in conjoined GFP+ mice.
Changes in CD4/CD8
The CD4/CD8 ratio was a measure of whether the immune system reached a steady state. An increased CD4/CD8 ratio during organ transplantation predicts possible rejection [16, 17] . CD4/CD8 in the conjoined group increased gradually after surgery, which was considered to be related to postoperative transplant rejection. CD4/CD8 in the positive control group decreased gradually, which was related to the destruction of immune mechanisms caused by the tumour. However, the CD4/CD8 ratio of the conjoined GFP+ mice was significantly higher than that of the negative control group (p <0.05), which was related to the symbiotic model stimulating the immune system of the GFP+ mice.
Immunochemistry [22, 23]
CD3 is a T cell marker present on both resting and activated T lymphocytes. Whereas CD4 is immunohistochemically expressed on Th lymphocytes, CD8 is expressed on suppressor-cytotoxic T cells. IFN-γ can promote macrophage phagocytosis and an inflammatory response, directly promote T and B cell differentiation and CTL maturation, and stimulate B cells to secrete antibodies, thereby enhancing the body's immune function [24] . In our study, we found that expression of CD3, CD4, CD8 and IFN-γ was 0.32 ± 0.63, 0.33 ± 0.00 and 0.31 ± 0.91 and 0.28 ± 0.14, respectively, which was significantly higher than that of the positive control group (p <0.05), indicating that the symbiotic model could stimulate the production of CD3, CD4, CD8 and IFN-γ, and thus play a role in regulating the immune system and killing tumour cells. Expression of CD31 and VEGF was 0.19 ± 0.50 and 0.19 ± 0.21, respectively. There was no significant difference compared with the positive control group (p >0.05, see figs12 and 13 and table 2).
CD31 is primarily used to demonstrate the presence of endothelial cell tissue for assessing tumour angiogenesis, which might imply a degree of rapid growth of the tumour. Malignant vascular endothelial cells also usually retain the antigen. CD31 antigen is expressed in the cytoplasm and membrane of malignant melanoma cells. The strong positive expression of CD31 indicates strong adhesion between tumour cells [25] .
Vascular endothelial growth factor (VEGF) was a kind of glycoprotein which could selectively promote the formation of vascular endothelial cells in vitro culture fluid of bovine pituitary follicles and was found by Ferrara in 1989 [26] . Vascular endothelial growth factor receptor (VEGFR) promotes endothelial cell proliferation. As well as increasing vascular permeability of endothelial cell migration, it can induce tumour angiogenesis and maintain the continued growth of the tumour. The level of VEGF expression is positively correlated with many factors, such as the size of the primary tumour, angiogenesis and lymphatic metastasis, so it is an important immunohistochemistry indicator of tumour growth [27] . Whereas the positive expression rates of CD31 and VEGF in the conjoined tumour-bearing group were 0.19 ± 0.50 and 0.19 ± 0.21, respectively, the positivity rates of CD31 and VEGF in the positive control group were 0.32 ± 0.35 and 0.29 ± 0.35, respectively. However, there was no significant difference between the two groups. It indicated that the symbiotic model had little effect on CD31 and VEGF.
